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Preface 
In Africa, Egyptian farmers used animals for draught power as early as 1400 BC. Today, the 
technique is well established in Ethiopia, Madagascar and Botswana, and has been recently 
used with considerable success by cash crop farmers in Senegal, Burkina Faso and Mali. 
It is somewhat surprising that in a continent where food production is limited by the availability of 
farm energy and seasonal shortages of human labour, efforts to replace hand power with animal 
power have not always been successful. In marginal lands with hard clay soils, and in areas 
with dense vegetation, the major reason for this appears to be technical failure of the technology 
itself. But poor animal nutrition and disease have also negatively affected the adoption of animal 
traction in parts of Africa. Moreover, farmers who produce enough food with traditional 
techniques are unwilling to risk known crop yields for unknown or uncertain gains in productivity. 
Nevertheless, harnessed animal energy is the second most valuable output of livestock. Using 
animal draught power for various farm operations can improve the performance of entire 
farming systems. But to use it effectively, we must know how much force an animal can exert 
and what are the draught requirements of different cultivation implements. Measuring an 
animal's performance while work is in progress is now possible using the instrumentation 
package described in this Bulletin issue. 
Pulling loads is hard work. To perform such work efficiently for long periods, the animal must be 
adequately fed. Experience in the tropics has shown that working animals need at least twice as 
much energy as non-working animals. To provide this additional energy, farmers supplement 
the diet of their draught animals with high-protein concentrates and minerals. The feed rations 
given to draught cattle in subhumid Nigeria during the dry season are discussed. 
In most of sub-Saharan Africa, cattle reproduction rates are low. Some reasons for this may be 
poor nutrition, shortage of herding labour, lack of veterinary supplies, bull infertility or 
inadequate methods of oestrus detection. Knowledge of blood progesterone concentrations is 
useful for detecting ovarian cyclicity and early pregnancy and, in general, for monitoring female 
reproductive status. 
However, blood samples taken under field conditions may not be analysed for many hours, 
perhaps even days. How accurately do progesterone concentrations measured in these 
samples reflect the concentrations in the live animal? The paper reports on how blood 
progesterone concentrations are affected by storage time and conditions, and gives some 
guidelines on how to collect blood for progesterone measurement in a tropical environment. 
Animal reproduction and health, or lack of it, are closely associated. Diseased animals produce 
fewer offspring than the healthy ones. Chronically diseased animals invariably succumb to the 
disease, and the loss to the farmer multiplies. Fascioliasis is a disease causing major economic 
losses in Africa; some observations on its incidence are presented in this issue. 
Inca Alipui 
Editor, ILCA Bulletin 
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ILCA, P.O.Box 5689 
Addis Ababa, Ethiopia 
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SUMMARY 
AN INSTRUMENTATION package has been developed to monitor the performance of draught 
animals and implements while work is in progress. The prototype has been used successfully 
on research stations and farms in Africa and India to collect data on selected physiological and 
mechanical variables which were previously inaccessible. Based on these successful trials, an 
electronically advanced modular version has been developed. Because of its small size and 
powerful electronics, the modular package is more versatile under field conditions than the 
prototype and simpler to operate, while at the same time enabling better data handling. 
INTRODUCTION 
The need to measure accurately and reliably the work done by draught animals is widely 
recognised. Comprehensive assessment of animal performance must include information on the 
energy expended by the animal in doing useful work and on the physiological responses of the 
animal to work. 
The power demand of a cultivating implement is the product of the horizontal draught force and 
the speed of progression. The most important physiological responses to work that can be 
measured on working animals without causing them too much discomfort are changes in heart 
rate, breathing rate and temperature (Pearson, 1985; Rautaray, 1987). Oxygen uptake is the 
most direct measure of energy expenditure (Brody, 1964), but is difficult to measure. 
The Institute of Engineering Research of the Agriculture and Food Research Council 
(subsequently referred to as AFRC Engineering), UK, has developed an instrumentation 
package to monitor as comprehensively as possible the performance of animals working in the 
field (O'Neill et al,1987). The package has been tested in various animal traction programmes of 
the Overseas Division of AFRC Engineering. 
Trials in Ethiopia, Burkina Faso, Botswana and India focused on oxen working with cultivation 
implements. The instrumentation package can, however, be easily adapted for use with other 
draught animals, such as equines and camels which have been investigated in Morocco, and is 
readily applicable to research programmes designed to investigate diversified uses of animal 
draught power. The versatility of the package has led AFRC Engineering to collaborate with 
other research institutions; for example, the International Livestock Centre for Africa (ILCA) 
commissioned it to develop an instrumentation package to suit ILCA's research needs. 
DESCRIPTION OF THE INSTRUMENTATION PACKAGE 
Requirements 
To be able to measure the performance of draught animals and cultivation implements while 
work is in progress, the package must be portable, durable and cause a minimum of 
interference with normal working practices. The sensors must be easy to attach and acceptable 
to the animals, i.e. they must not hurt them or subject them to stress, and farmers must be 
convinced that the sensors are harmless to their animals. 
The package should be able to operate at high environmental temperature and humidity for 
periods of up to 4 hours. It should also be able to display performance data while the animals 
are working, i.e. it must function as a monitor as well as a logger. And last but not least, there 
must be a facility for processing and summarising data immediately after acquisition to enable 
rapid decisions on test or experimental procedures. 
Design 
The prototype package 
The instrumentation package designed by AFRC Engineering combines three subsystems––the 
sensors, the signal conditioning circuits and a powerful microcomputer that acts as the 
logger/monitor. To provide the monitoring capability, sensor outputs are converted to digital 
format before inputting to the logger. This also facilitates the processing of logged data in the 
field. Although the method is more complex than, for example, recording analogue signals on 
magnetic tape, its complexity is fully justified by the immediate access to the data. 
The variables chosen as indicators of animal-implement performance are shown in Table 1 
together with some information on sensor operation. They have been grouped under 
‘mechanical’ and ‘physiological’ variables and are described in more detail below. 
Table 1. Variables describing animal-implement performance and methods of sensing. 
Variable Method of sensing Location of sensor 
Mechanical 
Draught force Strain-gauge load cell Between yoke and implement in 
draught chain 
Draught angle Potentiometric inclinometer Suspended below load cell 
Distance travelled Radar device relying on 
Doppler shift of microwave 
radiation1, or trailing wheel 
Fixed to implement 
Physiological 
Heart rate Detection of infrared 
absorptance of blood1 
Arrays of emitters and receivers 
clipped to animal's ear 
Breathing rate Differential temperature signal 
during inhalation and 
exhalation1 
Tube adjacent to animal's nostril 
Body temperature Thermistor On rectal probe 
Stepping rate2 Accelerometer sensitive to 
fore-and-aft movement of leg 
Front lower leg 
1Sensor designed and developed by AFRC Engineering. 
2Two channels available. 
Sensing the draught angle eliminates the need to include in the load cell a device measuring the 
horizontal pulling force, and this in turn simplifies the incorporation of the cell into the draught 
chain. Furthermore, by measuring the actual force in the load cell and its angle of application it 
is possible to determine the vertical load on the yoke. 
Distance is measured using either a microwave radar device (excitation frequency 24 GHz) or a 
trailing wheel. The radar is more convenient than the wheel because it is compact and does not 
come in contact with the soil surface. Tests have shown the accuracy of the radar to be at least 
equal to that of the wheel, except where the ground is obscured by moving vegetation (Howell 
et al, 1986). 
The radar sensor is usually set up to give a pulse at nominally 80-mm intervals. These pulse 
signals are used to compute three variables––work done, speed between pulses and 
instantaneous power. 
Work done is computed in the logger by taking the average force observed between distance 
pulses, multiplying it by the distance travelled and summing the results. Because each distance 
pulse is recorded at the exact time at which it occurs, speed of travel during each pulse interval 
(i.e. every 80 mm or so) is computed using the time between pulses. The third variable, 
instantaneous power, is computed as the product of speed and average force between distance 
pulses. 
A major criterion in the choice of physiological variables was acceptability of sensors, both to 
the animals and to their owners. The variables selected as suitable and useful were heart rate, 
breathing rate, stepping rate and body temperature. 
Heart rate is measured by detecting the change in infrared absorptance of the ear as blood 
pulses through. This is done using an earclip sensor comprising two arrays of three diodes 
(Figure 1): one array emits near-infrared radiation and the other, on the other side of the ear, is 
sensitive to it. A signal conditioning circuit was made to give an electronic (‘square’) pulse 
coinciding with the peak surge of blood (i.e. maximum absorptance). 
Figure 1. The emitter (left) and receiver (right) of a bolt-on heart rate sensor. 
 
The sensor may be attached to the ear by a spring-loaded, clamp-type or bolt-on clip. The 
clamp and bolt-on types make it possible to control the compression on the ear, but they are 
more difficult to attach. The bolt-on clip is probably the most reliable, although it can only be 
used on animals with punched ears. Its other attraction is that it can remain in the ear for long 
periods of time, causing no more distress to the animal than an ear tag. 
Breathing rate is determined by sensing air movement through a tube fixed near one of the 
animal's nostrils. Inside the tube there are two thermistors, one on either side of a small heater 
(Figure 2), which yield differential temperature signals dependent on the direction of the air flow 
during inhalation and exhalation. The differential temperature data obtained are then used to 
calculate the number of breaths per minute. This indirect technique of measuring breathing rate 
is preferable to using a flowmeter approach, because it avoids problems in the sensor caused 
by mucus and other foreign matter on a delicate mechanism. 
Figure 2. A view through a breathing sensor tube with the heater/thermistor assembly at the top 
and the nose clip in the foreground. 
 
The instrumentation package is equipped with two channels for measuring stepping rate, thus 
enabling both animals of a pair to be monitored. Stepping rate is measured by an accelerometer 
strapped to one of the animal's lower forelegs. The sensitive axis of the accelerometer is 
parallel to the direction in which the animal moves, and the peak acceleration in the stepping 
cycle is identified by a signal conditioning circuit. The peak generates an electronic (square) 
pulse signal which is logged in real time. 
Earlier attempts to measure stepping rate included the use of a shock sensor to identify footfall 
and an infrared device which generated a signal when the legs crossed. Both devices were, 
however, found to be insufficiently reliable in the field. 
The on-farm testing of the prototype package indicated a number of improvements that would 
considerably enhance its performance and increase its usefulness under field conditions. These 
are being incorporated into a modular instrumentation package described below. 
 
The modular instrumentation package 
The microcomputer used in the prototype system has proved adequate for the logging and 
monitoring operations required and will continue to be used in the improved package. Similarly, 
the sensors will be retained. But the signal conditioning unit and the data management software 
are being modified. 
The signal conditioning unit. During the developmental phase, the signal conditioning unit 
was carried in a back pack by the researcher. However, the pack is heavy and the researcher 
needs to walk alongside the animal, which can interfere with the work in progress. 
To avoid these practical problems, the signal conditioning circuits have been miniaturised, 
divided into those dealing with mechanical and physiological variables, and housed separately 
in two small modules. Each module will be able to operate independently of the logger, 
accumulating up to 30 kbytes of data. Thus, in addition to processing signals, the modules will 
perform as low-capacity slave loggers programmed by the master logger (i.e. the 
microcomputer). 
Data recorded by the modules will be transferred to the master logger at intervals ranging from 
perhaps 15 minutes to several hours, depending on the routine adopted. The researcher will 
thus need to approach the animals and implement under study relatively infrequently, leaving 
them to work undisturbed during data collection. 
Data management. Analysis of the data gathered with the prototype package has suggested 
that work performance comparisons can be made with acceptable accuracy by studying only 
data related to important events, such as the physiological responses to changes in work output 
and the time taken for the responses to appear. It is therefore intended to include in the 
software an interactive capability, so that specified events can be recognised and data on them 
stored in detail. In those cases where specific events are highlighted, a less comprehensive 
record of the general progress of the work would be retained. 
When operating in this ‘intelligent’ mode, it will be necessary for the slave loggers to be 
interconnected by a communications link. The link could also serve as a programming and data 
unloading facility, enabling the master logger to handle several slave loggers through a single 
port. However, where exact synchronisation or intelligent logging are not required, the slave 
loggers can work independently and the number of leads and their lengths can be reduced. 
Partial communication between the slave loggers is also feasible. This would allow, for example, 
a detailed study of both animals of a pair––or indeed any number working together––in order to 
establish the animals' reaction to each other, while their collective output is recorded 
independently related through a real time base. The total effort of a team could also be logged 
to support an exhaustive study of an implement, where depth of work, angle of approach, rotor 
speed and wheel loading might be recorded in addition to the standard mechanical parameters. 
Accommodating more powerful electronics in a smaller format will increase the versatility of the 
instrumentation package and make it more convenient to use in the field. Specifically, the 
advantages derived from miniaturisation are: 
 Increased convenience and realism without the researcher being in continuous proximity 
to the animals; 
 Ability to monitor mechanical and physiological variables separately; and 
 Scope for expansion, e.g. to multiple animal monitoring or to detailed studies of 
implements. 
The benefits of using advanced electronics in the package are: 
 Increased data handling power and provision of slave memory; 
 Ability to log independently of master logger; 
 Capacity to program for special events (‘intelligent’ operation); and 
 Easy operation in the field (less skill required from field operators). 
Applications 
Prototype package 
The instrumentation package was developed specifically to improve the effectiveness of ox-
powered cultivation, and because of this it had to be capable of logging reliably the performance 
of animals and implements in farmers' fields. Such logging was carried out successfully in July 
and October 1986 and 1987 by a team of researchers from AFRC Engineering and the Central 
Institute of Agricultural Engineering in Bhopal, India. 
Further trials were conducted in cooperation with ILCA in the Ethiopian highlands. Their 
objective was to determine the performance of a pair of oxen pulling a traditional 
plough (maresha) or a broadbed maker or a sledge loaded with weights for calibration 
purposes. The performance of a single ox pulling a modified maresha was measured as well. All 
the trials, except the one involving the sledge, were carried out under true field conditions. 
Valuable data were collected on implement/soil interactions and the animals' physiological 
responses to the workload. 
In general, a trial lasted 2 hours and data were recorded about every 20 minutes when the 
conditions of the trial were judged to be typical. These periods of data recording (or runs) lasted 
about 2.5 min and provided samples of representative information for about 10% of a trial. 
The results on the horizontal and vertical draught forces exerted through the harness, and on 
mechanical energy and instantaneous power requirements (averaged over 15 or 30 s for short 
runs of 2.5 min during each trial), indicated accurately the levels of effort required from the oxen. 
Figures 3 and 4, which are reproduced in the form available in the field, show how the pattern of 
force can change with different implements and under different soil conditions. 
Figure 3. Load-cell force for a pair of oxen pulling a bakhar plough, Bhopal, India, July 1986. 
 
  
Figure 4. Load-cell force for a pair of oxen pulling a broadbed maker, Debre Zeit, Ethiopia, June 
1986. 
 
Results of the physiological monitoring reveal the animals' reactions to the combined effects of 
workload and environmental conditions. The rise in heart rate above the resting level gives an 
indication of the effort expended during work (Astrand and Rodahl,1970; Pearson, 1985; 
Upadhyay and Madan, 1985; Rautaray, 1987; Premi and Singh, 1987). The time taken for the 
heart rate to return to the resting level after work is a measure of the level of fatigue induced by 
the work (Grandjean, 1980). 
A summary of results for mechanical and physiological parameters around the end of work is 
shown in Table 2. If necessary, these data can subsequently be processed on more powerful 
computers, using statistical procedures. The time histories in Figure 5 are useful in examining 
the results, particularly for the identification of time dependencies between the measured 
variables. 
Table 2. Output results for a period around termination of work, Bhopal, India, 7 October 1987. 
Time  
(h, min, 
s) 
Average 
Horizontal 
force (N) 
Average 
angle 
(degrees) 
Average 
distance 
(m) 
Energy 
(kJ) 
Average 
speed 
(m/s) 
Average 
power  
(W) 
Heart 
rate 
Breathing 
rate 
(pulse/min) 
Steppingrate1 
1 2 
Temperature 
(ºC) 
16 15 36 1593 19 15.0 23.05 1.00 1537 136 100 44 0 37.0 
16 15 51 1318 19 14.9 19.60 0.99 1307 132 92 40 0 37.0 
16 16 6 1527 19 11.5 17.19 0.77 1146 136 92 40 0 37.0 
16 16 21 0 19 0.0 0.00 0.00 0 136 112 4 0 37.0 
16 16 36 0 19 0.0 0.00 0.00 0 116 104 0 0 37.1 
16 16 51 0 19 0.0 0.00 0.00 0 108 100 0 0 37.0 
16 17 6 0 19 0.0 0.00 0.00 0 92 88 0 0 37.0 
16 17 21 0 19 0.0 0.00 0.00 0 80 100 0 0 37.0 
16 17 36 0 19 0.0 0.00 0.00 0 80 104 0 0 37.0 
16 17 51 0 19 0.0 0.00 0.00 0 72 100 0 0 37.0 
16 18 6 0 19 0.0 0.00 0.00 0 72 72 0 0 37.0 
16 18 21 63 19 0.1 0.04 0.01 3 72 88 0 0 37.0 
16 18 36 0 19 0.0 0.00 0.00 0 76 84 4 0 37.0 
16 18 51 0 19 0.0 0.00 0.00 0 68 84 0 0 37.0 
16 19 6 0 19 0.0 0.00 0.00 0 68 84 0 0 37.0 
16 19 21 0 19 0.0 0.00 0.00 0 64 92 0 0 37.0 
1 As measured in channels 1 and 2. 
Figure 5. Performance variables plotted against time, Bhopal, India, October 1987. 
 
In addition to the studies of animal–implement systems described above, the instrumentation 
package has been used in studies where cultivation implements themselves are the object of 
scrutiny and the draught animals (and their physiological responses to work, particularly heart 
rate) are part of the evaluation method. Two cultivation implements have been evaluated––a 
rolling tiller and a set of single-blade tines developed specifically for animal draught by the 
Centre d'études et d'expérimentation du machinisme agricole tropical (CEEMAT) in France. 
The design of the instrumentation package permitted two simple modifications to be made 
which greatly facilitated the implement evaluations. To test the rolling tiller, one of the channels 
available for monitoring stepping rate (see Table 1) was converted to receive a signal from the 
tiller, enabling the speed of one of its rotors to be determined. When testing the single-blade 
tines, the inclinometer was fixed to the tool frame, rather than the draught chain, and after an 
appropriate modification of the data processing software, the angle measured was used to 
compute the depth of penetration. 
 
 
Modular package 
Because of its greater versatility, the modular package is expected to be particularly useful for 
evaluating implements, harness designs and work routines. Data collected by this package 
would also enable a more accurate analysis of the draught potential of Bos indicus and Bos 
taurus oxen under different environmental and management conditions, and of other species 
such as donkeys, buffaloes and camels. 
Beyond these uses there are other research topics related to animal draught power to which the 
data acquisition techniques developed by AFRC Engineering can be applied directly or with 
some adaptation. For example, the modular package being developed for ILCA will enable the 
monitoring of the animal's energy metabolism and thus extend the range and precision of data 
collection and analysis carried out by the Centre's Animal Traction Thrust. 
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SUMMARY 
BLOOD PROGESTERONE concentrations in zebu cows were measured at ILCA's research 
station in Debre Birhan, Ethiopia. Progesterone concentrations in unseparated plasma and 
serum samples declined rapidly, particularly at high storage temperatures (35°C). The 
commonly used anticoagulants––lithium heparin, sodium citrate and ethylene 
diaminetetracetate––did not significantly affect the measured concentrations. Once coagulation 
had taken place, progesterone concentrations were higher in unseparated serum than in 
unseparated plasma. Assayable progesterone reappeared in unseparated plasma samples kept 
for 3 to 7 days. When sodium azide was added to plasma with anticoagulant, 90% of the initial 
progesterone concentration was preserved over a period of 3–7 days. 
INTRODUCTION 
Progesterone plays a major role during the cow's oestrous cycle and pregnancy. Measuring 
blood progesterone concentrations therefore has applications in improving reproductive 
efficiency, and generally in the study of reproduction. 
In dairy cows, however, progesterone measurements in the blood have been overshadowed by 
techniques measuring progesterone concentrations in milk. The latter have also been shown to 
reflect accurately progesterone concentrations in plasma (Hunter, 1980). 
Milk progesterone cannot be measured in heifers and non-lactating cows. Furthermore, 
differences have been observed in the milk sampling methods adopted by various researchers, 
and this can considerably affect the progesterone concentrations measured (Gordon, 1983). 
While such differences are of little importance where qualitative values are required, for 
quantitative analysis of progesterone, standardised milk sampling procedures are needed. 
Measuring progesterone concentrations in the blood helps avoid the problem entirely. 
Previous work with blood focused on the effects of: 
 Time between blood collection and plasma separation (Delahaut et al, 1979; Vahdat et 
al, 1979, 1981; Owens et al, 1980a, 1980b; Oltner and Edqvist, 1982; Wiseman et 
al,1982). 
 Storage temperature before separation (Vahdat et al, 1979, 1981; Owens et al, 1980b; 
Oltner and Edqvist, 1982; Wiseman et al, 1982). 
 Type of anticoagulant used for plasma samples (Owens et al, 1980b; Vahdat et al,1981). 
 Use of additives to prevent progesterone loss (Delahaut et al, 1979; Vahdat et al, 1984; 
Davies and Fletcher, 1987). 
Vahdat et al (1981) and Oltner and Edqvist (1982) reported that measurable progesterone 
declined between blood collection and plasma or serum separation, but after separation no 
further decline occurred. According to Oltner and Edqvist (1982), assayable progesterone will 
re-appear if blood samples treated with heparin are kept at room temperature for 5 to 9 days 
before centrifugation. Delahaut et al (1979) reported that a final concentration of 5 mg sodium 
azide per ml of blood would prevent loss of assayable progesterone in unseparated1 plasma 
samples. 
1 Unseparated plasma is uncentrifuged whole blood where clotting was prevented by an 
anticoagulant. 
The purpose of the study reported here was to develop practical guidelines for the collection of 
zebu blood under tropical conditions. The four guidelines given below are based on experiments 
carried out to determine the effects of such factors as type of anticoagulant, storage time, 
storage temperature and sodium azide on blood progesterone concentrations. 
MATERIALS AND METHODS 
Experimental design 
Four experiments were designed to measure blood progesterone concentrations. Storage time 
was a factor in all four experiments. The effects of temperature were tested in two experiments 
comparing plasma and serum samples. One experiment was carried out to study the effects of 
three common types of anticoagulant and another to compare progesterone concentrations in 
plasma with or without the sodium azide preservative. 
Experiment 1 
In this experiment, the effects of type of anticoagulant and storage time on plasma progesterone 
concentrations were studied. Collected blood samples were divided into three batches and 
treated respectively with heparin (lithium heparin), ethylene diaminetetracetate (EDTA) and 
sodium citrate. Within each batch, samples were kept at 20°C for 30 minutes, 3 hours and 18 
hours prior to plasma separation by centrifugation. 
Experiment 2 
This experiment was carried out to determine the effects of storage temperature and time on 
plasma progesterone concentrations. Three temperatures (3°C, 20°C and 35°C) were chosen to 
simulate respectively refrigerator temperature, ambient temperature at a site in sub-Saharan 
Africa above 1500 m altitude, and ambient temperature at a site below 1500 m altitude. 
Centrifugation was done within 5 minutes of collection (which would be the ideal situation), and 
after 3, 6 and 18 hours. To obtain information on developments between 6 and 18 hours, two 
batches were kept for 12 hours at 3 and 35°C respectively. 
Experiment 3 
This experiment was designed to study the effects of storage temperature and time on 
progesterone concentrations in serum. The time intervals and temperatures applied were the 
same as in experiment 2, but since it is impractical to prepare a serum sample within 5 minutes 
of blood collection, a plasma sample was used instead. The results of this experiment were 
compared with the results of experiment 2 to determine the difference between progesterone 
concentrations in plasma and serum kept under similar conditions. 
Experiment 4 
In this experiment, the effects of long-term storage and sodium azide on plasma progesterone 
concentrations were investigated. Plasma samples were kept at 20–25°C for 5 min, 6 and 18 
hours, and 3, 5 and 7 days before centrifugation. Sodium azide (5 mg ml–1 blood) was added to 
half the samples and their progesterone concentrations were compared with those without 
sodium azide. 
Collection tubes 
Serum and plasma samples in experiments 2, 3 and 4 were collected into evacuated 
blood-collection tubes (Vacutainer) which were purchased already prepared with heparin. 
Collection tubes for citrated and EDTA plasma (experiment 1) were prepared at the laboratory. 
The amounts of anticoagulant added were as described by Dacie and Lewis (1970). Tubes used 
in experiment 4 were prepared with sodium azide to produce a final concentration of 5 mg azide 
ml–1 blood. 
Sample collection 
Blood samples were collected from 27 zebu cows housed at ILCA's research station at Debre 
Birhan, Ethiopia. In each of the experiments 1, 2 and 3, blood was collected from seven cows, 
and in experiment 4 from six cows. To obtain maximum initial progesterone concentrations, 
sampling took place 8–16 days after the onset of oestrus i.e. during the luteal phase of the 
oestrous cycle. Experiments 1 and 4 included one cow in late gestation. 
Cows were restrained in a cattle run and blood was collected by puncturing the jugular vein. 
Samples to be kept at 20°C were taken first. followed by the 35°C and 3°C samples. The initial 
(0 hour) sample was taken last and processed immediately after collection, while the others 
were placed in a waterbath at 20°C or 35°C, or in the refrigerator (3°C). 
Sample processing 
Following incubation under the selected combination of conditions, samples were centrifuged for 
10 minutes at a centrifugal force of 1125 gravities (2500 rotations per minute). The 
separated2 plasma or serum was frozen at –20°C. 
2 Separated plasma or serum contains no red bloodcells 
Progesterone assay 
Plasma and serum samples were analysed for progesterone using Ovucheck Plasma/ Serum 
Progesterone EIA kits supplied by Cambridge Life Sciences, UK. To minimise inter-assay 
variation, all samples from the same cow were run in the same assay. Each sample was run in 
duplicate and its progesterone concentration determined using average absorbance at 405 nm. 
A Hewlett Packard 71B calculator was programmed to perform linear regressions on the results 
obtained with supplied progesterone standards (0.5, 1.0, 5.0 and 10.0 ng progesterone ml–
1 blood). The corresponding progesterone concentrations for the measured samples were then 
computed, showing an intra-assay coefficient of variation (CV) of 5.5% . 
Analysis of results 
An analysis of variance was performed for each experiment to determine the significance of the 
effects of each treatment. The analysis made it also possible to separate differences due to 
varying initial concentrations of progesterone from the treatment effects. 
The effects of time were investigated by making multiple comparisons among means of time, 
using Tukey's method (Sokal and Rohlf, 1981). An honest significant difference (HSD) was 
calculated, and progesterone concentrations differing by more than the HSD were taken to be 
significantly different. Plasma and serum progesterone concentrations at different temperatures 
and times were compared using an unpaired t-test. 
RESULTS 
Experiment 1 
Plasma progesterone concentrations declined rapidly regardless of whether heparin, EDTA or 
citrate anticoagulant was used (Figure 1). At each time interval (30 minutes, 3 hours, 18 hours), 
significantly (P<0.05) lower concentrations were measured than at the previous time interval. 
The type of anticoagulant used had no significant effect (P>0.05) on the measured 
progesterone concentrations. 
Figure 1. The effect of type of anticoagulant and storage time on plasma progesterone 
concentrations, Debre Birhan, Ethiopia, 1986. 
 
Experiment 2 
Plasma progesterone concentrations decreased with time regardless of storage temperature 
(Figure 2). For samples stored at 20°C and 35°C, a significant decline (P<0.05) in plasma 
progesterone was observed within 3 hours of collection. In samples stored at 3°C a significant 
decline (P<0.05) in progesterone was not found until 6 hours after collection. 
Figure 2. The effect of storage temperature and time on plasma progesterone concentrations, 
Debre Birhan, Ethiopia, 1986. 
 
Experiment 3 
Serum progesterone concentrations decreased with time at all three storage temperatures 
(Figure 3). As in experiment 2, progesterone concentrations in serum samples kept at 20°C and 
35°C decreased significantly (P<0.05) within 3 hours of sample collection, but in the 3°C 
samples, a significant decline (P<0.05) was not recorded until 12 hours after collection. 
Figure 3. The effect of storage temperature and time on serum progesterone concentrations, 
Debre Birhan, Ethiopia, 1986. 
 
To determine whether there was any difference in the decline of plasma and serum 
progesterone, the results of experiments 2 and 3, expressed as percentages of the initial 
plasma and serum progesterone concentrations for each cow, were compared. Table 1 shows 
that significant differences (P<0.05) were recorded for plasma and serum samples stored at 
20°C for 18 hours and at 35°C for 6 and 18 hours. The highest significant difference (P<0.001) 
was recorded for plasma and serum kept at 35°C for 12 hours. In general, the values for serum 
were greater than those for plasma. 
 
 
 
 
 
 
 
Table 1. Progesterone concentrations in serum and plasma at different storage temperatures 
and times, Debre Birhan, Ethiopia, 1986. 
Temperature(° 
C) 
Time(h) 
Percentage of initial 
concentration remaining in: 
Significance level1 
    
Plasma Serum 
  
3 3 93.5 93.4 + 
3 6 89.4 90.6 + 
3 12 80.0 81.8 + 
3 18 77.5 78.1 + 
20 3 78.5 79.8 + 
20 6 55.3 64.7 + 
20 12 30.5 46.7 + 
20 18 19.6 38.2 * 
35 3 56.1 66.7 + 
35 6 32.3 53.7 * 
35 12 22.1 55.7 *** 
35 18 26.6 50.2 * 
1+ = no significant difference (P>0.05); * = P<0.05; *** = P<0.001. 
Experiment 4 
Partial haemolysis was observed in plasma with sodium azide after 5 minutes and 6 and 18 
hours of storage. Haemolysis was completed by 72 hours. Samples with azide had significantly 
(P<0.01) higher progesterone concentrations than those without azide (Figure 4). 
Figure 4. The effect of long-term storage and sodium azide on plasma progesterone 
concentrations, Debre Birhan, Ethiopia, 1986. 
 
Table 2 shows that progesterone concentration in plasma without sodium azide decreased 
significantly (P<0.05) from the initial concentration of 7.75 ng ml–1 to a low point of 0.66 ng ml–1 at 
18 hours after collection. At 168 hours measurable progesterone was 3.53 ng ml–1 plasma, 
which was significantly (P<0.05) higher than the 18-hour low value but significantly (P<0.05) 
lower than the initial progesterone concentration. 
Table 2.The effect of long-term storage with and without sodium azide on plasma progesterone 
concentrations, Debre Birhan, Ethiopia, 1986. 
Hours: Mean progesterone concentration1 (ng ml–1)   
  0 6 18 72 120 168 HSD2 
Plasma 
Without azide 7.74a 2.34bc 0.66c 1.67bc 2.81bc 3.53b 2.40 
With azide 7.36a 4.80b 4.80b 6.65ab 6.70ab 6.75ab 2.40 
1 Within each treatment, values followed by the same letter(s) are not significantly different at 
the 5% level. 
2 HSD = Tukey's honest significant difference at the 5 % level. 
In comparison, progesterone concentrations in plasma samples with sodium azide had declined 
significantly (P<0.05) from the initial concentration of 7.36 ng ml–1 to 4.80 ng ml–1 by 6 hours after 
collection: this value was maintained until 18 hours after collection. However, between 72 and 
168 hours the concentrations increased to a point where there was no significant difference 
(P>0.05) from the initial progesterone concentration. 
DISCUSSION 
The results of this study demonstrate that storage time and temperature affect measurable 
progesterone in zebu blood. This has important implications for sample collection, particularly 
where there are no laboratory facilities available, or where accurate determination of 
progesterone concentrations is required. 
The decline in progesterone concentrations in unseparated plasma samples is well documented 
(Delahaut et al, 1979; Vahdat et al, 1979, 1981, 1984; Owens et al,1980a,1980b; Oltner and 
Edqvist,1982; Wiseman et al, 1982). No such effect is apparent in separated plasma samples 
kept at room temperature (Vahdat et al, 1981; Oltner and Edqvist, 1982). Comparing the effects 
of common anticoagulants, Owens et al (1980a) and Vahdat et al (1981) found, as did this 
study, that progesterone concentrations in bovine blood are not significantly affected by the type 
of anticoagulant used. 
It was postulated that red blood cells are responsible for the loss of progesterone in 
unseparated plasma samples (Delahaut et al, 1979). Short (1958) described the conversion of 
progesterone incubated with bovine blood to a product he identified as 20 -
dihydroprogesterone. Van der Molen and Groen (1968) identified a 20 -hydroxysteroid 
dehydrogenase in sheep red blood cells, which catalysed the conversion of progesterone to 
20 -dihydroprogesterone. They showed that the transformation was glucose-dependent and 
that in the absence of glucose, 20 -dihydroprogesterone was oxidised back to progesterone. 
Oltner and Edqvist (1982) reported that storing unseparated plasma at room temperature for 2 
to 9 days results in reappearance of assayable progesterone. This effect was linked to the low 
concentration of glucose in the samples, which favours progesterone formation. The 
reappearance of assayable progesterone was confirmed in experiment 4, although glucose 
concentration was not determined. 
The effects of storage conditions on measurable progesterone in unseparated serum have been 
less widely studied. Nevertheless, it appears that under similar conditions, serum progesterone 
concentrations are higher than those in plasma (Vahdat et al, 1979; Owens et al, 1980b; 
Wiseman et al, 1982). 
Various preservatives have been used to arrest the decline of progesterone concentrations in 
plasma, including sodium azide, potassium oxalate/sodium fluoride and potassium 
dichromate/mercuric chloride. Delahaut et al (1979) found that at an optimum sodium azide 
concentration of 5 mg ml–1 plasma, as much as 90% of the initial progesterone concentration 
can be preserved in samples kept at room temperature for 4 days. In this study, the same 
amount of sodium azide preserved 90% of the initial concentration in samples stored for 3 to 7 
days. Holdsworth (1980) reported that sodium azide concentrations of 2 mg ml–1 and 20 mg ml–
1 preserved respectively 63% and 76% of the original progesterone concentrations, following 
overnight storage. 
Using a preservative tablet composed of potassium dichromate and mercuric chloride, 
Holdsworth (1980) abolished the decline of progesterone concentrations in unseparated plasma 
stored overnight at room temperature. Davies and Fletcher (1987) also reported success with 
this combination. 
Haemolysis occurs with both sodium azide and potassium dichromate/mercuric chloride. 
Holdsworth (1980) and Davis and Fletcher (1987) used a radioimmunoassay to measure 
progesterone concentrations and found that these were higher in haemolysed blood samples 
than in the unhaemolysed ones. Using an enzyme immunoassay, however, Davies and Fletcher 
(1987) could not find any difference in the measurable progesterone of haemolysed and 
unhaemolysed samples. This suggests that the products of haemolysis affect blood 
progesterone concentrations only during the liquid-phase assay, not during the solid-phase 
assay (Davies and Fletcher, 1987). 
Potassium oxalate/sodium fluoride was used by Vahdat et al (1984) to prevent progesterone 
degradation. Fluoride inhibits glycolysis, and because of this the combination preservative is 
normally chosen when glucose concentrations are to be determined. In Vahdat's experiment, 
68% of the original progesterone concentration remained after 24 hours of storage at 22°C, 
supporting the assumption that inhibition of glycolysis in the red blood cells slows down 
progesterone degradation. But glycolysis inhibition may result in high glucose concentrations, 
which would cause progesterone levels to decline (van der Molen and Groen, 1968). It would 
therefore appear that fluoride directly inhibits the enzyme responsible for progesterone 
degradation. 
This and other studies suggest that two factors need to be taken into account when formulating 
guidelines for blood sample collection: 
 Accuracy of results. For research purposes, quantitative results will be necessary, but 
when the aim is to detect, for example, the presence or absence of corpus luteum, a 
qualitative result is likely to suffice. 
 Accuracy of the assay. A significant decline (P<0.05) in progesterone concentrations is 
indicated when the concentrations decrease by a percentage approximately twice the 
coefficient of variation (CV) of the assay. (In this study the figure was slightly higher as a 
result of using Tukey's method for the multiple comparison of means of time.) Where the 
intra-assay CV is 5.5%, plasma samples would have to be kept at 20°C for 1.3 hours 
before it could be said with a probability of P<0.05 that the concentration of 
progesterone had declined. This assumes that the two samples were measured in the 
same assay. Samples measured in two separate assays would have to be kept longer, 
because the inter-assay CV is usually higher. 
Depending on the accuracy of results required, the following guidelines for sample collection 
should be observed: 
 To obtain plasma, blood samples should be centrifuged immediately after collection, 
preferably in a refrigerated centrifuge. 
 When a number of plasma samples are needed, collected blood should be kept on ice 
before centrifugation. Loss of progesterone in cooled blood samples is unlikely to be 
significant until after 6 hours. 
 Where centrifugation facilities are not available, serum samples can be used, provided 
that the likely loss of progesterone is taken into account. Serum should be separated as 
soon as clot retraction has occurred. 
 Preservatives may also be used where suitable centrifugation facilities do not exist. The 
most effective preservatives are sodium azide and potassium dichromate/mercuric 
chloride, the latter having the additional advantage of being less toxic. 
Thus if both highly accurate results and an assay with a low CV are required, the first method of 
collection will be most appropriate. If a less accurate assay and qualitative results are needed, 
the other methods listed would probably suffice. 
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SUMMARY 
DESPITE THE renewed interest in animal traction, problems such as poor nutrition, disease, 
extensive tree cover and unawareness of the full benefits of the technology continue to limit its 
use in the Nigerian subhumid zone. However, if more land––particularly in the inland valleys––is 
to be brought under cultivation and land productivity is to increase, it is vital that animal traction 
is adopted in the zone on a wider scale. 
Draught animals need to be adequately fed during the dry season to be able to do the heavy 
work at the beginning of the growing season. In areas of the subhumid zone where animal 
traction is common, farmers use a feeding scheme based on crop residues, concentrates, 
mineral licks, natural forage and browse to ensure that their animals stay fit. How these feed 
resources are manipulated to meet the nutritional requirements of animals used for draught is 
explained in this report. 
INTRODUCTION 
The continued difficulties in promoting tractor use for agricultural development have led to a 
renewed interest in animal traction in Nigeria. Credit to purchase work animals and implements 
can be obtained through various Federal and State Agricultural Development Projects. In 
addition, the National Centre for Agricultural Mechanisation and other research bodies in the 
country have been encouraged to develop suitable animal-drawn implements and to popularise 
their use on farms (FMAWRRD,1988). 
The application of animal traction varies from zone to zone. In the semi-arid zone, for example, 
it is widely used for ploughing and weed control, while in the subhumid zone, draught animals 
are seldom used for cultivation, and then mainly by immigrant farmers from the semi-arid zone 
(M. Saidu, Ministry of Agriculture and Natural Resources, Niger State, Nigeria, personal 
communication). Several factors appear to limit the spread of animal traction in the subhumid 
zone, including: 
 Diseases, particularly trypanosomiasis and dermatophilosis; 
 Hard, compacted soil and thick, ligneous vegetation with widely spread root systems, 
which impedes the progress of cultivation implements; and 
 Unawareness of the technology and/or its benefits. 
Besides these constraints, inadequate nutrition during the dry season seriously limits the 
productivity of draught cattle in the zone (von Kaufmann et al, 1986). Animals grazing sparse 
natural pasture lose weight and become weak, their physical condition being very poor at the 
onset o the short rains when they are needed for ploughing. Draught bulls and oxen must be 
supplemented if they are to do the work expected of them. Casual observations indicate that 
this is indeed done; farmers adopt feeding regimes calculated to keep their animals in good 
physical condition. 
An inventory of feeding regimes for draught animals is useful for a better understanding of 
traditional systems with a traction component. This report is based on a rapid survey of a range 
of dry-season feeds fed to draught oxen and bulls in parts of the Niger State in Nigeria. 
MATERIALS AND METHODS 
Twenty villages between Kontagora (10°24' N, 5°28' E) and Tegina (10°05' N, 6°14'E) were 
visited by an ILCA field assistant during the dry season of 1987/88. In each village, the head of 
the first household found to use cattle for draught was interviewed. Information was collected on 
the: 
 number, type and age of draught animals, 
 type of feed given and its source, 
 method of feed storage, and 
 time and duration of feeding. 
Daily feed rations were weighed using a spring balance. To determine daily feed consumption 
per animal, the weight of the ration was divided by the number of animals fed and then doubled, 
because the animals were fed twice daily. Samples of the feed given in each household were 
collected at the end of the visit. Similar feed materials were composited, dried at 60°C for 48 
hours and analysed for nitrogen content at the National Veterinary Research Institute, Vom, 
Plateau State. 
RESULTS 
The animals 
Thirteen of the farmers visited had only one pair of draught oxen or bulls, five had two pairs and 
the remaining two had three pairs. The animals were either of the Bunaji (White Fulani) or 
Sokoto Gudali breed, but the latter were less common (in 26% of the households). According to 
the farmers' estimates, draught animals were between 5 and 7 years old, and 86% were 
castrates. 
Animals intended to be used for draught are purchased at least 6 to 9 months prior to the time 
of sowing, thus leaving sufficient time for training. They are grazed on natural pasture in the 
vicinity of the household, often herded by a FulBe herdsman employed by several farmers. At 
the end of each day's grazing the animals are returned to the owners' homesteads and fed 
supplements. 
Feed types 
Fourteen different types of feed were identified (Table 1). The materials were grouped into six 
feed classes and their crude protein contents were estimated as shown in Table 2. The six feed 
classes were: 
 Unprocessed crop residues 
 Processed crop residues 
 Concentrates 
 Mineral licks 
 Forage hay 
 Tree fodder. 
  
Table 1. Dry-season feeds for draught animals, Niger State, Nigeria. 
Village 
Sorghum 
straw 
Rice 
straw 
Grass 
hay 
Ground-
nut hay 
Cowpea 
hay 
Alysicar- 
pus hay 
Sorghum 
Cotton 
seed 
Afzelia 
africana 
Ptero-
carpus 
erinaceus 
Daniella 
oliveri 
Common 
salt 
Kanwa 
Bran Grain 
Ungwar Gabas   x   x x       x       x   
Uregi x   x   x x x x     x   x   
Tegina x x   x     x x   x   X x   
Kanfani Bobi       x   x x x   x   X x x 
Buzana x     x x     x   x     x   
Kaswan Garba x     x x x   x x x     x x 
Baban Doki x       x x x x   x     x x 
Ragada x     x x     x     x   x x 
Bobi Gari x         x x     x     x x 
Kanfani Waya x     x x     x       X x x 
Mariga x x   x x     x         x   
Funa Funa x   x x x x x x   x     x   
Beri x     x x   x x   x   x x x 
Ukuru x       x x x x x x   x x x 
Dan Auta x   x x     x x   x     x x 
Tugan Bako x     x x   x x         x x 
Man Gandi x     x x x   x   x     x x 
Rafin Gora       x   x x     x     x x 
Maigoge         x x x x   x     x x 
Durgu   x       x   x x x x x x x 
Unprocessed crop residues (i.e. sorghum stalks, rice straw, groundnut hay and cowpea hay) are 
cut soon after the grain harvest and sun-dried. After drying, sorghum stalks are stacked in the 
field to minimise damage by termites, while the other crop residues are usually bundled and 
stored in racks or on rooftops. Immature sorghum stalks are harvested and stored separately, 
as they are of a higher quality than stalks cut after the harvest (Table 2). 
Table 2. Crude protein content of different feeds, Niger State, Nigeria. 
Feed Crude protein % 
Unprocessed crop residues 
Sorghum stalks   
–mature 4.60 
–immature 8.95 
Rice straw 5.76 
Groundnut hay 10.51 
Cowpea hay 9.54 
Processed crop residues 
Sorghum bran 8.10 
Concentrates 
Groundnut cake 28.47 
Cottonseed 19.93 
Sorghum grain 9.78 
Minerals 
Common salt n.a1 
Kanwa 7.01 
Forage hay 
Grass 4.72 
Alysicarpus hay 15.59 
Tree fodder 
Afzelia africana 12.62 
Pterocarpus erinaceus 15.11 
Daniella oliveri 19.27 
1n.a. not applicable. 
Although maize is cultivated in the area, its residues are seldom used as animal feed. The 
reason is that because maize matures early and some of it is harvested when the cobs are still 
green, the stalks left in the field quickly lose their nutritive value and are often infested by 
termites. Millet stalks left in the field are, however, frequently grazed. 
Sorghum bran, which has a protein content of about 8% (Table 2), was the only processed crop 
residue used. Among concentrates, three are fairly common as dry-season feed supplements, 
including cotton-seed, sorghum grain and groundnut cake. The first two are usually stored in 
earthenware pots or silos, and groundnut cake is purchased from local markets, but its high cost 
and relative scarcity limit its use. Of the 20 farmers visited, only one fed groundnut cake to his 
animals. 
All feeding regimes include minerals, provided daily in the form of common un-purified salt 
and/or kanwa which is either mined or made by burning various organic materials. 
Mined kanwa is an evaporite and contains many macro- and micronutrients required by animals 
(Mohamed-Saleem and Otsyina,1987). The kanwa fed by farmers in the study area contained 
more protein and organic matter than can be found in the evaporite, suggesting that farmers 
used home-made kanwa. 
At the end of the rainy season, farmers cut grass and legumes, dry the hay in the field, bundle it 
and store in racks near the homesteads. The grass hay usually includes Andropogon 
gayanus andHyparrhenia sp., and the legume hay Buffalo clover (Alysicarpus sp.). The protein 
content of the grass does not exceed 5% while that of the legume is over 15%. 
Fodder from tree legumes––mainly Afzelia africana (in 70% of the households, as shown in 
Table 1), Pterocarpus erinaceus and Daniella oliveri)––is also given. Studies elsewhere in the 
country have shown that, because of the relatively high protein and mineral content of their 
leaves, these legume trees are important sources of fodder during the dry season (Mohamed-
Saleem et al, 1979). 
Feeding regimes 
During the dry season, natural forage is deficient in protein (Mohamed-Saleem, 1984); and 
farmers adopt various strategies to overcome this deficiency. One of them is feeding cut and 
conserved feed on a volume basis twice daily. Each animal is given between 5.5 and 7.5 kg per 
feeding; leftovers from the previous day are removed before replenishment. Stall-feeding starts 
in October and continues until May, but where conserved feeds are in short supply, the period of 
stall-feeding is shorter by 2–3 months (November/December–April). 
The feed rations consist of varying proportions of low- and high-quality fodder, depending on the 
season and the month of the season. In the early dry season, for example, the ratio of sorghum 
stalks to groundnut or cowpea hay (harawa) is 3:1, but later in the season it is 2:1 because part 
of the sorghum is replaced with rice straw and grass. Bran is also included to increase the 
quality of the feed. As the dry season progresses, the proportion of sorghum stalks declines and 
that of forage hay increases (Figure 1). 
Figure 1. Ratio of different feeds in the daily dry-season diet of draught animals, Niger State, 
Nigeria. 
 
Higher-quality feeds include legume hays, cottonseed, groundnut cake and sorghum grains; 
minerals are supplied daily in the form of either common salt or kanwa. Rations fed during the 
last 3 months of the dry season usually have higher proportions of leguminous browse (Figure 
1). 
DISCUSSION 
Animal traction is well established in the upland areas of the Niger State, where draught animals 
are commonly used to plough previously cultivated fields. Most farmers own a pair of oxen or 
bulls and have an access to an EMCOT ridger. Observations of the system suggest that animal 
traction can be successfully introduced to ecologically similar areas where farmers traditionally 
keep cattle for fattening, and where suitable feeding strategies can be developed to maintain the 
condition of working animals during the dry season. 
In more intensively farmed areas, forage legumes need to be incorporated into the cropping 
system to provide high-protein supplements for draught animals. At the present level of feeding, 
1.5–2.0 t of conserved feed per animal would be required during the dry season; to preserve 
this feed, adequate storage facilities would also be necessary. 
Because of the availability of residual moisture, the growing season in the inland 
valleys (fadamas) is 30 to 60 days longer than on the surrounding uplands. Critical shortages of 
labour for land preparation, however, mean that only part of the fadamas’ potential for cropping 
can be exploited. Animal traction could substantially contribute to the development of inland 
valleys, provided that the cultivation implements are adapted for use on fadama soil. 
Throughout the study area, draught animals are rarely used for transport and secondary farm 
operations. Lack of diversification in the use of draught power means that farmers are losing 
economic opportunities that would otherwise be theirs. Moreover, if the animals are 
underutilised, work efficiency during cultivation is greatly reduced (ILCA,1981). 
CONCLUSION 
Farmers in the subhumid zone of Nigeria are willing to invest the effort and resources necessary 
to maintain the physical condition of draught animals during the dry season. Animal traction is 
well established in upland agriculture, and seems to be indispensable in developing the great 
potential of the inland valleys for cropping. Growing additional crops and introducing forages 
into the system would increase the availability of crop residues and other feeds in the zone. 
More feed means more draught animals on the farm, but to derive the full benefit from these 
animals, other uses such as transport and irrigation need to be actively pursued. 
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agropastoral associé à la riziculture irriguée dans la zone de Niono’.) 
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SUMMARY 
STUDIES OF farmers' cattle, sheep and goat herds and visits to the Niono abattoir have 
confirmed that fascioliasis is a serious problem in the rice subsystem of central Mali. Sheep are 
most susceptible to the disease, especially its acute form, and goats least. Cattle often suffer 
from chronic fascioliasis which makes them less resistant to other liver infections. Acute 
fascioliasis in sheep can be controlled by oral administration of rafoxanide. 
INTRODUCTION 
Fascioliasis is a parasitic disease in ruminants that can cause major economic losses. In Africa, 
fascioliasis is a serious problem in the humid and subhumid zones (Daynes, 1969; Ogunrinade 
and Ogunrinade, 1980). In the arid and semi-arid zones, where climatic conditions are less 
favourable for liver flukes, fascioliasis incidence has until recently been comparatively low. 
However, the increasing number of dams and irrigation canals built to boost energy and food 
production has also increased the number of potential snail habitats, and with them the danger 
of liver fluke infestation. 
Hammond (1973) and Graber (1976) reported that sheep are very susceptible to acute 
fascioliasis and that its periodic outbreaks cause high economic losses. Once infected with 
flukes, goats are also very susceptible to the disease. In cattle, acute fascioliasis often remains 
undetected and develops into chronic fascioliasis. 
This report is based on a survey conducted around Niono, central Mali, to determine fascioliasis 
incidence in domestic ruminants and ways of controlling the disease. 
THE STUDY AREA 
The study area included 6 villages located within 30 km of Niono, central Mali. All the villages 
surveyed are on land administered by the Office du Niger, and their inhabitants are 
agropastoralists engaged in irrigated rice production (Wilson et al,1983). 
The farmers manage their livestock under two different production systems: small ruminants are 
left to range free near the household while cattle are moved to wet-season pastures during July 
to October. Rice fields are grazed during the dry season (December–June). Veterinary care is 
generally limited to annual vaccination of cattle against rinderpest and contagious bovine 
pleuropneumonia. 
MATERIALS AND METHODS 
The study involved 500 head of cattle, 500 sheep and 500 goats. The animals were identified 
with ear tags. Data were collected on herd morbidity and mortality during both the dry and wet 
seasons. Faecal samples were examined using the simple sedimentation method. Monitoring of 
village herds was supplemented with visits to the Niono abattoir to determine what proportion of 
the slaughtered animals had ruptured livers. 
A preventive programme based on rafoxanide (3’-chloro-4’[p-chlorophenoxy] -3, 5-diiodo salicyl 
anilide) was introduced in two villages to investigate its effectiveness in controlling fascioliasis in 
sheep and cattle. The fasciolicide was administered in two doses. Both cattle and sheep 
received one dose before they started grazing the harvested rice fields; the other dose was 
given to sheep 3 months later and to cattle 6 months later. 
RESULTS 
Faecal examination 
Liver flukes were found in the faecal samples examined. Among species, goats had the lowest 
infestation rate and sheep the highest (Table 1). For all species, the rate of infestation was 
higher in the dry season than in the wet season. The specific infestation index (SII), calculated 
to characterise the degree of infestation (Vassiliades, 1970), was between 1 and 5 or between 
20 and 100 eggs per gram of faeces. 
Table 1. Liver fluke infestation rate and specific infestation index (SII) for cattle, sheep and 
goats, Niono, 1983. 
Animal species 
Dry season Rainy season 
Number of animals 
Percent 
positive 
SII 
Number of 
animals 
Percent 
positive 
SII 
Cattle 80 18.0 2.0 55 10.9 1.3 
Sheep 27 22.2 2.5 55 10.0 5.0 
Goats 80 6.7 1.0 65 3.1 1.0 
Parasitological examination 
Animals slaughtered at the Niono abattoir in June and September 1983 were infested mainly 
with Fasciola gigantica. During both visits, infestation rate was highest among cattle (Table 2). 
In June, more sheep were infested with flukes than goats, but in September, the infestation rate 
in goats was higher than in sheep. Cattle had the highest proportion of ruptured livers during 
both visits. In June, the proportion of cattle with ruptured livers was slightly higher than that of 
sheep, while in September, ruptured livers were found only in cattle. 
Table 2. Proportions of animals infested with liver flukes and having ruptured livers, Niono 
abattoir, 1983. 
Survey date Species 
Number of 
animals 
Percentage 
infested 
Percentage with 
ruptured livers 
June 1983 Cattle 23 52.2 26.1 
Sheep 30 25.0 25.0 
Goats 105 5.7 1.9 
September 1983 Cattle 25 64.0 18.8 
Sheep 2 0.0 0.0 
Goats 19 15.8 0.0 
Losses caused by acute fascioliasis were investigated in three localities. Table 3 shows that 
about one third of sheep suffering from acute fascioliasis succumbed to the disease, while goat 
mortality was relatively low, only about 5%. Cattle suffered from chronic fascioliasis which was 
usually detected during autopsy. 
Table 3. Mortality in small ruminants due to acute fascioliasis, central Mali, 1983/84. 
Locality Survey period Species 
Number of sick 
animals 
Mortality 
rate (%) 
B10 May–June 1983 Sheep 69 30.4 
Niono April 1984 Sheep 30 33.3 
N'Tila April–May 1984 Sheep 45 31.1 
  Goats 62 4.8 
Fascioliasis control 
Treating animals with rafoxanide before they started grazing rice stubble helped reduce the 
contamination of the fields with liver flukes excreted in the faeces. When sheep were given a 
second dose 3 months later, the incidence of acute fascioliasis was reduced. The programme 
also proved effective in combating chronic fascioliasis in cattle which received the second 
treatment within 6 months of the first. 
DISCUSSION 
The low infestation rates found would seem to belie the gravity of the fascioliasis problem in the 
study area, but it must be noted that these rates include egg counts in samples from very young 
animals which are least exposed to liver flukes. The examination of livers for ruptures caused by 
flukes gives a more realistic picture: fascioliasis is a serious problem in cattle and sheep but 
goats are considerably less affected because they spend little time grazing rice straw (about 5% 
of the annual feeding time, according to Dicko and Sangare, 1984). 
The preventive programme tested is a suitable means of controlling fascioliasis incidence in 
sheep and cattle in the rice subsystem of central Mali. Introducing a similar programme for 
goats, which are browsers rather than grazers and, consequently, are less prone to the disease 
than sheep and cattle, would not be economic. 
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Abreviations 
AFRC Agriculture and Food Research Council (UK) 
EDTA ethylene diaminetetracetate 
h hour 
HSD Tukey's honest significant difference 
Hz hertz, unit of frequency (1 Hz = 1 cycle per second; GHz = 109 Hz) 
J joule, unit of energy (1 J = 1 N m; kJ = 103 J) 
m metre 
min minute 
N newton, unit of force (1 N = 1 m kg s–2) 
NAPRI National Animal Production Research Institute (Nigeria) 
s second 
SEM standard error of the mean 
W watt, unit of power (1 W = 1 J s–1 
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POLICY AND AUDIENCE 
The aims of the ILCA Bulletin are to present the results of livestock research by scientists at 
ILCA and at African national institutes, spread the knowledge of results in related disciplines, 
encourage national scientists to test new research techniques and technological innovations, 
and stimulate the adaptation to local conditions of applied research carried out by ILCA. 
Thus the main audience of the ILCA Bulletin is made up by the following groups in sub-Saharan 
Africa: scientists working in livestock research and related fields, agricultural policy makers, 
administrators and development workers. The ILCA Bulletin is also distributed to scientists 
working outside Africa and to ILCA's donors. 
MANUSCRIPTS 
Articles may be submitted in English or French and should be from 3000 to 7000 words. The 
original, typed double-paced on one side of the page only, and two photocopies, should be sent 
to the Director of Training and Information, ILCA, P.O.Box 5689, Addis Ababa, Ethiopia. Papers 
submitted will be reviewed by two internal referees whose comments will be passed on to 
authors. If in the referees' opinion a paper is acceptable for publication, the author should send 
an amended draft to the Editor of the Bulletin for editing and publication. 
FORMAT AND STYLE 
Authors should give their names and initials, titles, programme or department, institute, postal 
address, and telex number if available. Articles should include a summary and, whenever 
possible, the following sections: introduction, materials and methods, results and discussion. 
The findings reported should be discussed in the broader context of livestock and agricultural 
production in Africa. 
Data in figures and tables should be clearly presented and their salient points adequately 
discussed in text. In the case of figures please send original artwork with the final copy, not 
photocopies. Sources of figures and tables should be referenced. Abbreviations and symbols 
used in a figure or table should be explained in footnotes below. Good-quality black-and-white 
photographs are acceptable for publication. A full list of references must appear at the end of 
the paper, and authors may also include acknowledgements, disclaimers and/ or a list of less 
common abbreviations and acronyms. 
The International System of Units (SI) should be used to specify the magnitude of physical 
quantities. SI units are divided into three classes: base (e.g. m, kg, s and mol), derived (e.g. 
m2 and m3), and supplementary units. 
The range offered by base units can be expanded by using decimal multiples and sub-multiples 
described by such prefixes as kilo (103), mega (106), deci (10–1), milli (10–3), micro (10–6) etc. The 
choice of the unit will depend on the number of significant figures available: when there are two 
or more, the numerical component should fall between 1 and 100 (e.g. the mean weight of 
cereal grain should be reported as 42.6 mg rather than 0.0426 g or 42600 g), but when only one 
is available, it should be between 1 and 10 (e.g. yields were between 1 and 2 t ha–1, not between 
0.1 and 0.2 kg m–2 or between 100 and 200 g m–2). Applying this scale rule will help eliminate the 
frequent use of zeros or decimal points. Some SI units and symbols recommended for use in 
agricultural literature are given in the ‘Examples’ section. 
Articles will be edited to maintain a uniform style; substantial editorial changes will be referred to 
authors for approval. 
EXAMPLES 
SI units and symbols 
 Time: Although the second (s) is the base SI unit for time, it is rarely used in agriculture. 
The hour (h), day (d) and year should therefore be applied. 
 Area: m2 (appropriate for studies in crop physiology), km2 (for areas under specific crop), 
and ha (acceptable to quote the size of a farm or field). 
 Population density: ha is the conventional reference area for plantation crops and animal 
stocking densities, but for plant densities m–2 is more appropriate. This descriptor 
conforms to the scale rule since an expression such as 10 to 20 plants m–2 is much 
easier to visualise than, for instance, 100 000 to 200 000 ha–1. 
 Mass or weight: kg, t (tonne; tolerated in compound units such as US$ 100 t–1 product), 
and mg g–1 or g kg–1 (weight of dry matter produced by a crop per unit of water). 
 Crop yields: kg m–2 (fresh yields) but g m–2 (dry matter yields); t ha–1 is convenient when 
describing agronomic response. 
 Fertilizer application: kg ha–1 and g m–1 for experimental plots. 
 Volume: The base SI unit of m3 is rarely convenient for agricultural measurement. Thus 
we will use the litre (1 dm3) as a more relevant unit, although we will not abbreviate it 
because of the potential confusion with the numeral 1. Rainfall will be expressed in mm 
and evaporation rates in mm d–1. 
 Concentration: mg kg–1, not ‘parts per million’ (ppm). 
 Force: 1 N (Newton) = 1 kg m s–2. 
 Pressure: The unit commonly used by crop physiologists and soil scientists for pressure, 
the bar, can be converted to mega Pascals (MPa), a multiple of the SI unit, the Pascal 
(Pa), by multiplying by 0.1. 
 Energy: J (Joule; which replaces the now obsolete erg and calorie), kJ g–1 (energy 
content of animal fodder or human food), MJ d–1 (animal energy consumption), and MJ d–
1 kg–n (in nutritional work). 
 Power: 1 W (watt) = 1 J s–1 (for exchange of thermal energy between plants or animals 
and their environments). 
Note that the product of two units is written by introducing a space between them and that the 
quotient is indicated by a negative index, thus kg/ha becomes kg ha–1 in the SI system. 
Treatment of numbers 
The numbers one to nine should be written as words, except when used as measurements or 
units (e.g. 1 kg, 1 month, 1 litre but one cow). All other numbers should be written as numerals: 
note that numbers from 1000 to 9999 should be written without a comma or space, while from 
10 000 onward a space should be included. 
Common expressions and abbreviations 
An increase of 6%; milk yield and consumption increased by 5% and 3% respectively; meat 
offtake decreased by 2 to 3%; 1300 h; 10° C; No.; 1.3 million; 1980/81 cropping-season but ... 
Nigeria, 1980–82 (in table captions); 13 g Mo; l kg N; Figure, not Fig.; use Jan, Feb, Mar, Apr, 
May, June, July, Aug, Sept, Oct, Nov, Dec in tables and figures if space is not sufficient; pp. 
12—19, 365 pp. (in references) but ‘see page 3’ (in text); P = probability (P<0.05, P<0.01 and 
P<0.001); LSD = least significant difference; SE ± = standard error; d.f. = degree(s) of freedom; 
MS = mean square; CV = coefficient of variation. 
Distinguish between ‘East African Short-horned Zebu’ (specific breed) and ‘zebu’ cattle 
(humped Bos indicus cattle); ‘Boran’ cows but ‘Borana' people; ‘West African Dwarf goat’ 
(breed) but ‘the dwarf goats of West Africa’; N'Dama cattle etc.; sp./spp. = species (sing./pl.); 
cv(s) = cultivar(s); var = variety. 
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